LCM-DIM is a new advanced optical technique developed for the in situ detection of surface steps as reported by Sazaki.
LCM-DIM is a new advanced optical technique developed for the in situ detection of surface steps as reported by Sazaki. [1] [2] [3] Our system employs a confocal system (FV300, Olympus) attached to an inverted optical microscope (IX70, Olympus) equipped with a Nomarski prism introduced into the optical path and a partially coherent superluminescent diode (Amonics Ltd., Model ASLD68-050-B-FA:680 nm) to eliminate interference patterns. To achieve single atomic step resolution, conventional polymer-based polarizers and analyzers were replaced by ones made of Ag nanoparticles (CODIXX AG Germany: color Pol VISIRCWO2); consequently, the light intensity at the position of the photomultiplier was increased by one order of magnitude. 4 Two objective lenses (LUCPLFLN 20 and LUCPLEFLN 40 Olympus) were used to resolve single atomic steps on metals and semiconductors. The diameter of the confocal aperture was 100 µm.
The electrochemical cell was connected to a high-vacuum system as shown in Fig. 1S . Vacuum-tight electrochemical cells with three electrode configuration were filled with the ionic liquid and heated at 130°C using an oil bath for more than 10 hours until the vacuum level was less than 1 x 10 -5 Pascal to remove water.
It is important to note that the optical system was constructed for measurements to be done in air. Our system has an additional lens to achieve atomic height resolution in solution. The additional lens can compensate difference in refractive indexes between air and liquids. In order S2 to achieve atomic height resolution, the total length between the surface of samples and the bottom of the cell must be less than ca. 2 mm. Because the thickness of an optically flat Pyrex glass plate is 0.5 mm, the maximum thickness of solution should be less than 1.5 mm. Fig.S2 shows a detailed configuration of the optical system coupled with the electrochemical cell. Figure S1 . Schematic diagram of the high-vacuum electrochemical cell for cyclic voltammetry. The electrochemical cell has three joints at the top: two angled ports were used for Li reference and Li counter electrodes, and a middle port where a Pt bead was placed to measure the background current of the ionic liquid. The MoS 2 single-crystal working electrode was inserted at the bottom of the cell, such that the basal plane of the crystal was in contact with the electrochemical solution.
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Figure S2 Schematic diagram of LCM-DIM system combined with electrochemical cell. To achieve atomic-height resolution in solution, a specially designed objective lens with a compensator (focus correction collar) was used to adjust the focus point caused by changes in the refraction index by the solution and the glass plate. 5 The images of (a) and (b) were taken in an area of 10 x 10 µm and 4 x 4 µm, respectively.
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Caption for Movie S1. Real-time in situ LCM-DIM video capture of Li-ion intercalation into the first layer beneath the selvedge of a MoS 2 single crystal in an electrolyte solution of lithium bis(trifluoromethylsulfonyl)imide (LiTFSI) and 1-ethyl-3-methylimidazolium bis(fluorosulfonyl)imide (EMI-FSI). The movie corresponds to the dynamic process depicted in Figure 2 (a-c) . The movie shows the electrode events at a potential 5 mV more negative than the open-circuit potential (OCP). The movie corresponds to the process in Figure 2 (d-f) . It is interesting that the de-intercalation reactions occurred in a reversed way. Li ions in the lower layers were de-intercalated, disappearing the domains as shown in movie and the de-intercalation reactions were also occurred by a layer-by-layer mode as can be seen in movie.
Caption for Movie S2. Real-time in situ LCM-DIM video capture of extensive Li-ion intercalation involving multilayers of the MoS 2 in LiTFSI and EMI-FSI electrolyte solution at -1.2 V vs Li/Li + . Intercalation of the second (l 2 ), third (l 3 ), and fourth (l 4 ) layers registers as domains with different contrast. The movie shows that the de-intercalation follows the reversed pathway of intercalation; i.e. Li ions in the subsurface layers are initially de-intercalated. The disappearance of the lithiated domains occurs layer-by-layer mode, leaving behind an atomically flat surface. When the potential was shifted positively by only a few mV, de-intercalation proceeded similarly as that shown in Movie S1.
Caption for Movie S3. Real-time in situ LCM-DIM video capture of Li-ion intercalation and de-intercalation involving several MoS 2 layers. To reveal surface structural changes during extensive intercalation, the electrode potential was further scanned to 1.1 V, where the current for the intercalation was ca. 12 µA/cm 2 . The intercalated layers appeared as dark domains, in a manner similar to what was observed at low intercalation current densities. The bright veins of the reticulation suggested that Li ions existed in multilayers along these lines. After the acquisition of the intercalation reactions, the electrode potential was scanned to 1.4 V at 50 mV s -1 to spur de-intercalation. Many of the intercalated domains gradually disappeared with concomitant changes in contrast similar to those of Movie S2. However, the reticulation persisted even after 15 min at 1.8 V.
Caption for Movie S4. Real-time in situ LCM-DIM video capture of Li-ion intercalation involving several MoS 2 layers at 0.9 V vs Li/Li + induced intercalation at a rapid rate. Each image was acquired 0.25 sec/frame. Based on the contrast variation, several layers were simultaneously involved in the intercalation process. Upon further intercalation, the domains expanded into patchy reticulated regions similar to those in Figure 8 . However, the intercalated domains appeared smaller, implying that fast intercalation led to a decrease in domain size. At this negative potential, the step edges exhibit many defect sites at which intercalation is initiated. Under this condition, several layers are simultaneously involved in the intercalation.
Caption for Move S5. Real-time in situ LCM-DIM video capture of Li-ion intercalation at the different area of the same sample under the identical experimental condition of movie S4. The multilayer of intercalation processes occurred in a different manner from that in S4.
